Abstract. This paper proposes a high gain microstrip antenna with circular polarization for LTE applications at a working frequency of 2300 MHz. Gain of antenna is optimized by using an array method with 4 elements arranged in plannar using feed line of 50 Ohm, 100 Ohm and 70.7 Ohm. The proposed antenna designed using FR-4 substrate with (Ɛr) = 4.3, substrate thickness (h) of 1.6 mm and loss tangent (tan δ) of 0.0265. Gain of antenna can be optimized by increasing the number of elements in the array of the antenna. Circular polarization can be obtained by cutting the edge of a rectangular patch antenna with an angle of 45 0 . From the simulation results obtained reflection coefficient value of -20.02 dB and VSWR of 1.22 at the working frequency of 2300 MHz. The gain of proposed microstrip antenna is 10.56 dB with an impedance bandwidth value of 714 MHz (1925 -2639. The proposed antenna obtained a circular polarization with axial ratio of 1.745 dB at working frequency of 2300 MHz. Array method with four elements increased the gain of antena until 45.07% compared to the single element antenna.
Introduction
At present time, the development of mobile telecommunication technology and communication system is growing very rapidly, especially the development in the mobile and wireless telecommunications. The society needs for communication and high transfer data rates are getting higher along with the entry of 4G Long Term Evolution technology. The stability of the connection and the speed of data transfer becomes very important to make the telecom provider optimize the network in order to meet customer needsthere are several telecommunication systems that have been developed, for example is DCS at frequency band (1710 MHz -1885 MHz), PCS (1907 MHz -1912 In modern telecommunication devices such as modem usually use an internal antenna that has a small gain so that the reception of signal is not optimal. To solve that problem can be used an external antenna but sometimes the dimension of external antenna is big enough so that it becomes ineffective in its application. In addition, the type of external antenna sold in the market also has a vertical polarization (dipole) while the transmitting antenna used in the BTS (Base Transmission Station) has a horizontal polarization causing a loss on the receiver side due to its cross polarization between the receiving antenna and the transmitter. To overcome this problem microstrip antennas can be developed with circular polarization to reduce the loss caused by cross polarization of the transmitting and receiving antennas. In addition, microstrip antennas has advantages such as small and compact dimensions so the application is more effective beside that microstrio antenna can delovoped to produce circular polarization. It provides both linear and circular polarization. However, microstrip antenna has disadvantages such as low level gain, narrow bandwidth, low efficiency, and low directivity [3] . The circular polarization (CP) is a special case of elliptical polarization and it is realized when antenna configuration excites two equal amplitude, time and space orthogonal resonant modes [4] . Polarization loss may result due to the misalignment in the signal and the receiving antenna. To solve this problem we can used microstrip antenna with circular polarization [5] .
To obtain microstrip antenna that has a circular polarization can be used several methods such as fractal [6] , truncated corner [7] and proximity coupling [8] . In this research, the truncated corner method is used by cutting the upper and lower edges of the rectangular shape antenna, the selection of this method is because the initial dimension of the designed microstrip antenna is rectangular so that the use of truncated method is much easier and more effective in designing, the truncated corner method also reduces the dimensions of the antenna into smaller ones resulting in a more compact dimension. Beside that to increase the gain of the antenna can be done by using array method [9] [10] [11] [12] . In a previous study [13] [14] [15] obtained a circular polarization using the truncated corner method.
In this research, the microstrip antenna is designed using truncated corner method to produce axial ratio ≤ 3 dB. After that, gain of the microstrip antenna can be optimized by using an array method using 4 elements. The selection of the trucanted corners method caused by the dimensions used in the initial design is rectangular which is easier and more effective in designing to produce circular polarization. The type of array used is the plannar array because it is more effective to optimizing the gain value of the antenna. The type of substrate used in the design of the antenna is FR-4 Epoxy with (Ɛr) = 4.3, substrate thickness (h) of 1.6 mm and loss tangent (tan) of 0.0265. The design and simulation process of the proposed antenna uses AWR Microwave Office.
Design of Antenna
Circular polarization microstrip antenna is designed using double layer substrate of FR-4 Epoxy with relative permittivity (εr) of 4.3, substrate thickness (h) of 1.6 mm and loss tangent (tan δ) of 0.0265. The first stage is to design a rectangular antenna with microstrip line feeder of 50 Ohm that works at working frequency of 2300 MHz for LTE applications. To determine the dimensions of W and L of the initial design antenna we can use the equations below (1), (2) , (3) and (4) [16] . The width dimension of the microstrip line feeder of 50 Ohm (Wf) is obtained using equations (6) and (7) [17] . The design of the rectangular microstrip antenna can be seen in Figure 1 .
Fig.1 Design of Rectangular Microstrip Antenna
The second stage is to design truncated corner of microstrip antenna with cutting angle of 45 0 at the diagonal position. The main purposes of cutting the patch side of an antenna is to produce a circular polarization with a 3 dB axial ratio. Circular polarization occurs due to interference with the current flowing in the patch affecting the polarization of the antenna. The dimensions of the cut width on the patch antenna can be determined using equation (7) [18]. The design of the truncated corner of microstrip antenna design can be seen in Figure  2 . ⁄ The final stage is designing the microstrip antenna using the array method to optimized the gain of antenna by using four patch with feed line of Z 1 =50 Ohm, Z 2 =70.7 Ohm and Z 3 =100 Ohm. Dimension and width of feed line (Wf) of 50 Ohm, 70.7 Ohm and 100 Ohm can be determined using formula (6) and (7) while to determine the distance between patches in the array method is given by (8) [19] .
The design of truncated mirostrip antenna using array with 4 element can be seen in Figure 3 . 
Result and Discussion
After the design process, the next stage performs the simulation process of the design antenna using AWR Microwave Office. The observed parameters are reflection coefficient, VSWR, axial ratio and gain of the antenna. The simulation results of these parameters can be seen in the Figure 4 , Figure 5 , and Figure 6 . Figure 5 it can be seen that the proposed antenna has a reflection coefficient of -20 dB and VSWR of 1.22 at a working frequency of 2300 MHz. This is in accordance with the minimum standards set for the reflection coefficient ≤ -10 dB and VSWR ≤ 2 so it can be said that the antenna already has a good reflection coefficient and VSWR. The bandwidth obtained from the proposed antenna is 714 MHz (1925 -2639 MHz).
From Figure 6 it can be seen that the axial ratio obtained from the proposed antenna is 1.745 dB at a working frequency of 2300 MHz. This proves that the proposed antenna has a circular polarization with an axial ratio of ≤ 3 dB at a predetermined working frequency of 2300 MHz. The bandwidth of the axial ratio obtained from the proposed antenna is 152 MHz (2191 -2343 MHz) The gain of antena can be optimized by increasing the number of elements in the array of the antenna. The simulation results of gain from optimization process of the proposed antenna are shown in Figure 7 . From table 1 above it can be seen that the gain enhancement of the array antenna is directly proportional to the number of elements. The gain obtained from the single element antenna is 5.883 dB, while in the 2 element array it increases to 8.685 dB and in the 4 element array increases to 10.56 dB at working frequency of 2300 MHz. This result proves that the array method on the proposed antenna successfully increases the gain value up to 45.07% compared to the single element antenna. The result of the simulation of the radiation pattern on the proposed antenna can be seen in Figure 6 below.
Fig 8. Radiation Pattern of Proposed Antenna
From Figure 8 it can be seen that the radiation pattern generated from the proposed antenna is broadside with the best transmit angle at 0 0 . The effect of using arrays is produces a side lobe on the radiation pattern of the proposed antenna.
From the overall results it can be seen that the truncated corner method succeeded in producing circular polarization of antennas with axial ratio ≤ 3dB. In addition, the array method with 4 elements succeeded in increasing gain of antenna from 5.883 dB until 10.56 dB, increasing 47.80% compared to single element antenna.
Conclusion
A new design of high gain and circular polarization of microstrip antenna is eventually well proposed. The circular polarization is obtained by cutting the edges of the patch antenna while to increase the gain value is obtained by increasing the number of elements on the antenna. From the simulation results obtained the reflection coefficient of -20 dB, VSWR of 1.22 and axial ratio of 1.72 dB at 2300 MHz working frequency. The gain of the proposed antenna is 10.56 dB or an increase of 40.78% compared to the single elemet antenna.
